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PURPOSETo reduce or prevent the ununiformity of the spot diameter on the scanning surface by using a special convex 
miniscus lens having a special toric surface as a field curvature correction surface on a deflecting device side, as an image 
forming lens placed on the deflecting device side of a second lens group. 

CONSTITUTIONS second lens group for bringing a luminous flux deflected by a rotary polygon mirror 4 forming an image in 
a shape of a spot on the scanning surface 7 is constituted of image forming lenses 51 , 52, and provided with an ftheta 
characteristic as the whole second lens group. As for the image forming lens 51 , the surface of its incident side constitutes a 
special toric surface of a shape obtained by rotating a shape given by an edge line 51 A around a rotary axis RX ( and has a 
negative radius of curvature in the main scanning direction and has a positive radius of curvature in the sub-scanning 
direction. Also, power in the sub-scanning direction decreases as it is separated from an optical axis in the main scanning 
direction, therefore, the bending of an image in the sub-scanning direction as the whole second lens group can be corrected, 
and the fluctuation of a spot shape on the scanning surface 7 can be reduced or prevented effectively. 
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P2 (74) ATTORNEY: Patent Attorney Hideharu WATANABE 

2 

3 SPECIFICATION 
4 

5 TITLE OF THE INVENTION 

6 Light scanning apparatus 
7 

8 CLAIMS: 

9 1. A light scanning apparatus comprising a light 

10 source, a first lens group for imaging a beam from the 

11 light source as a line image extending in a direction 

12 corresponding to main-scanning, a deflecting device, 

13 having a plurality of deflecting surfaces, for 

14 deflecting the beam about a position adjacent the line 

15 image formed by said first lens group, and a second 

16 lens group, disposed between the deflecting device and 

17 a surface to be scanned, for imaging the deflected 

18 beam as a spot on the surface to be scanned, 

19 wherein said second lens group comprises two 

20 or more imaging lenses; one of said imaging lenses 

21 disposed at the deflecting device side is a special 

22 convex meniscus lens having a field curvature 

23 correcting surface at the deflecting device side; said 

24 second lens group as a whole has a f 6 property and 

25 has a function of imaging the deflected beam on a 

26 surface to be scanned with respect to the main scan 

27 direction and to provide a substantially conjugate 
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P3 relation between the imaging position of the line 

2 image formed by said first lens group and the surface 

3 to be scanned, and 

4 wherein said field curvature correcting 

5 surface has a special toric surface and has a 

6 geometrical ly negative radius of curvature with 

7 respect to the main scan direction, and has a surface 

8 configuration provided by rotating, about an axis 

9 parallel with the main scan direction adjacent a 

10 surface to be scanned beyond the special toric 

11 surface, a configuration defined by a general equation 

12 of aspherical surface. 
13 

14 2. An optical scanning apparatus according to 

15 Claim 1, wherein a radius of curvature R on the 

16 optical axis in a configuration of said special toric 

17 surface as seen in the sub-scan direction, and a focal 

18 length f of said second lens group satisfy: 

19 0.3< | R/f | < 1.0. 
20 

21 DETAILD DESCRIPTION OF THE INVENTION 

22 (APPLICABLE FIELD OF INDUSTRY) 

23 The present invention relates to a light 

24 scanning apparatus. 

25 (PRIOR ART) 

26 A light scanning apparatus is well-known 

27 which comprises a light source, a first lens group for 
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P4 imaging a beam from the light source as a line image 

2 extending in a direction corresponding to 

3 main-scanning, a deflecting device, having a plurality 

4 of deflecting surfaces, for deflecting the beam about 

5 a position adjacent the line image formed by said 

6 first lens group, and a second lens group, disposed 

7 between the deflecting device and a surface to be 

8 scanned, for imaging the deflected beam as a spot on 

9 the surface to be scanned. 

10 In such an optical scanning apparatus, in 

11 order to prevent the variation, in the sub-scan 

12 direction, of the main-scanning position, attributable 

13 to the mechanical error in the deflecting device, that 

14 is, so-called surface tilting, the second lens group 

15 comprises an imaging lens having a f 0 function and a 

16 cylindrical lens disposed between the imaging lens and 

17 the deflecting device, so that, in the main scan 

18 direction, the deflected beam is imaged on the surface 

19 to be scanned, and in the sub-scan direction, the 

20 imaging position of a line image formed by the first 

21 lens group and the surface to be scanned are made 

22 substantially conjugate with each other (Japanese 

23 Patent Application Publication Sho 52- 28666, for 

24 example). 

25 (PROBLEM TO BE SOLVED) 

26 Such a light scanning apparatus involves the 

27 fo I lowing problems. 
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P5 In Figure 6, designated by reference numeral 

2 1 is a semiconductor laser, and reference numeral 2 is 

3 a collimator lens. These elements constitute a light 

4 source and provide a substantially parallel beam. The 

5 substantially parallel beam from the light source is 

6 imaged as a line image LI which is elongated in a 

7 direction corresponding to the main-scanning by the 

8 cylindrical lens 3 constituting the first lens group. 

9 A rotatable polygonal mirror depicted by a 

10 reference numeral 4 functions as a deflecting device 

11 and has a plurality of deflecting surfaces, and it 

12 deflects the beam with the center of deflection 

13 adjacent the line image LI. 

14 In Figure 6, designated by reference numeral 

15 5 is an is an imaging lens, and reference numeral 6 is 

16 a cylindrical lens. The imaging lens 5 and the 

17 cyl indr ical lens 6 constitute a second lens group. 

18 The deflected beam from the rotatable polygonal mirror 

19 4 is imaged in the form of a spot on the surface to be 

20 scanned 7 by the second lens group and scans the 

21 surface to be scanned 7. The direction in which the 

22 spot moves is the main scan direction. The direction 

23 perpendicular to the main scan direction in the 

24 surface to be scanned 7 is the sub-scan direction. 

25 The second lens group functions to provide a 

26 conjugate relation between the imaging position of the 

27 line image LI and the surface to be scanned in the 
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P6 sub-scan direction. Therefore, in the sub-scan 

2 direction, an image of the line image is formed on the 

3 surface to be scanned 7 by the second lens group. 

4 On the other hand, the deflected beam 

5 incident on the second lens group remains a parallel 

6 beam with respect to main scan direction, and the 

7 second lens group provides a conjugate relation 

8 between the infinity position in the object side and 

9 the position of the surface to be scanned 7 with 

10 respect to the main scan direction. 

11 In order to acquire such an anamorphic 

12 property, the second lens group has to have a stronger 

13 power in the sub-scan direction as compared with that 

14 in the main scan direction. For this reason, the 

15 cyl indr ical lens 6 does not have power in the main 

16 scan direction but has a positive power in the 

17 sub-scan direction. 

18 The imaging lens 5 is a so-called f6 lens 

19 having a f 0 function. 

20 Figure 7 is a view of a portion between the 

21 center of deflection of the rotatable polygonal mirror 

22 4 and the surface to be scanned 7, as seen in the 

23 sub-scan direction. 

24 When the above-described second lens group is 

25 used, the correction of the astigmatism in the 

26 sub-scan direction is difficult because the power in 

27 the sub-scan direction is stronger than that in the 
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P7 main scan direction, with the result that as shown in 

2 Figure 7, a locus 8 of the beam imaging point P in the 

3 sub-scan direction is curved in the form of arcuation 

4 toward the second lens group. Then, the deflected 

5 beam is divergent in the sub-scan direction away from 

6 the point P toward the surface to be scanned 7, and 

7 therefore, the diameter of the spot SP on the surface 

8 to be scanned 7 becomes larger in the sub-scan 

9 direction away from the optical axis of the second 

10 lens group in the main scan direction, so that spot 

11 diameter is not uniform in the main scan direction. 

12 For this reason, optical scanning is not possible with 

13 a high resolution exceeding 400dpi. 

14 Accordingly, the present invention is made in 

15 consideration of the circumstances, and it is an 

16 object of the present invention to provide a novel 

17 optical scanning apparatus wherein the non-uniformity 

18 of the spot diameter can be effectively reduced or 

19 prevented. 

20 (MEANS FOR SOLVING THE PROBLEM) 

21 The description will be made as to the 

22 present invention. 

23 The optical scanning apparatus comprises a 

24 light source, the first and second lens groups and a 

25 deflecting device. 

26 The first lens group functions to focus the 

27 beam emitted from the light source to form a line 
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P8 image extending in a direction corresponding to the 

2 main-scanning. 

3 The deflecting device has a plurality of 

4 deflecting surfaces, and functions to deflect the beam 

5 about a position adjacent the imaging position of the 

6 line image formed by the first lens group. 

7 The second lens group is disposed between the 

8 deflecting device and the surface to be scanned, and 

9 functions to focus the deflected beam into a spot on 

10 the surface to be scanned. 

11 The second lens group, as shown in Figure 1, 

12 is constituted by imaging lenses 51, 52, and the 

13 entirety of the second lens group has a f 6 property, 

14 and is effective to image the deflected beam on the 

15 surface to be scanned with respect to the main scan 

16 direction, and is effective to provide a substantially 

17 conjugate relation between the imaging position of the 

18 line image formed by the first lens group and the 

19 surface to be scanned with respect to the sub-scan 

20 direction. 

21 The imaging lens 51 which is at the 

22 deflecting device side is a special convex meniscus 

23 lens having a special toric surface at the deflecting 

24 device side. 

25 The special toric surface has a configuration 

26 defined by rotating a general formula of aspherical 

27 surface as seen from the sub-scan direction about a 
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P9 rotational axis which is parallel with the main scan 

2 direction and which is adjacent the scanned surface 

3 beyond the special toric surface. 

4 The imaging lens 52 may be constituted by two 

5 or more lenses, if necessary. The lens surfaces other 

6 than the special toric surface in the second lens 

7 group may be an aspherical surface or surfaces. 

8 The optical scanning apparatus as defined in 

9 Claim 2 includes the following further feature in 

10 addition to the features of Claim 1. Namely, the 

11 radius of curvature R on the optical axis in the 

12 configuration of said special toric surface as seen in 

13 the sub-scan direction, and the focal length f of said 

14 second lens group satisfy: 

15 0.3< | R/f | < 1.0. 

16 (FUNCTION) 

17 The inventions as defined in Claims 1 and 2 

18 commonly includes the following features: 

19 A first feature is that deflecting device 

20 side imaging lens in the second lens group is a 

21 special convex meniscus lens, and the second feature 

22 is that special toric surface which is a field 

23 curvature correcting surface of the special convex 

24 meniscus lens is disposed closest to the deflecting 

25 device side in the second lens group. The invention 

26 of Claim 2, includes, in addition to the 

27 above-described feature, the feature that special 
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P10 toric surface satisfies 0. 3< | R/f | < 1.0. 

2 Referring to Figure 2, the description will 

3 first be made as to the configuration of the special 

4 convex meniscus lens 51 having the field curvature 

5 correcting surface. 

6 In Figure 2, the lenses are shown in a 

7 perspective view with a part of the configuration 

8 omitted. The left side in the Figure is an incident 

9 side, that is, the deflecting device side. 

10 The special convex meniscus lens 51, as seen 

11 in the sub-scan direction, is a special convex 

12 meniscus lens having a convex side facing to the 

13 scanned surface side. And, the incident side surface 

14 thereof constitutes a special toric surface. 

15 The special toric surface has the following 

16 features. As seen in the sub-scan directing 

17 direction, the configuration of the special toric 

18 surface is given by a ridge line 51A of the special 

19 toric surface, and the configuration of the ridge line 

20 is expressed by a general formula of an aspherical 

21 surface. Therefore, the configuration includes a 

22 circle shape as a special case. 

23 The special toric surface has a configuration 

24 provided by rotating the line defined by the ridge 

25 line 51 A about a rotational axis RX. 

26 The rotational axis RX is perpendicular to 

27 the optical axis and is parallel with the main scan 
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P11 direction, and it is disposed adjacent the surface to 

2 be scanned beyond the special toric surface, that is, 

3 the righthand side area in Figure 2. As a result, 

4 when the field curvature correcting lens 51 is cut 

5 along a plane parallel both to the optical axis and 

6 the sub-scan direction, the configuration of the cut 

7 end of the special toric surface is arcuate. The 

8 radii of the circles providing the arcuations 

9 (indicated by broken lines in the Figure) are minimum 

10 on the optical axis, and increases away from the 

11 optical axis in the main scan direction. 

12 Thus, the special toric surface geometrically 

13 has a negative radius of curvature in the main scan 

14 direction and has a positive radius of curvature in 

15 the sub-scan direction. And, the power in the 

16 sub-scan direction decreases away from the optical 

17 axis in the main scan direction. Therefore, the field 

18 curvature of the entirety of the second lens group in 

19 the sub-scan direction can be corrected. 

20 The surface of the special convex meniscus 

21 lens 51 adjacent the surface to be scanned may be a 

22 spherical surface or an aspherical surface which has 

23 an axial symmetry configuration, and therefore, the 

24 special convex meniscus lens 51 is a convex meniscus 

25 lens with respect to the main scan direction, and is a 

26 special convex lens, with respect to the sub-scan 

27 direction, which has different powers depending on the 
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P12 position in the main scan direction. In a specific 

2 embodiment which will be described hereinafter, the 

3 surface of the special convex meniscus lens 51 

4 adjacent the surface to be scanned is formed into an 

5 aspherical surface, but the aspherical surface 

6 function may be assigned to one surface of the imaging 

7 lens 52 so as to replace the function of the surface 

8 of the lens 51 adjacent the surface to be scanned. 

9 If, however, the surface of the special 

10 convex meniscus lens 51 adjacent the surface to be 

11 scanned is an aspherical surface, as in this 

12 embodiment, conditions relating to the aspherical 

13 surface of the lens can be concentrated on the special 

14 convex meniscus lens 51 together with those of the 

15 above-described special toric surface, and therefore, 

16 as compared with the case in which one of the surfaces 

17 of the imaging lens 52 is aspherical surface, the 

18 optical axis adjustment of the scanning optical system 

19 is easy, so that optical characteristic can be 

20 stabi I ized. 

21 The description will be made as to the 

22 significance of disposing the special toric surface 

23 for the field curvature correction at a position 

24 closest to the deflecting device in the second lens 

25 group. 

26 Figure 9 shows the optical system of the 

27 optical scanning apparatus shown in Figure 6, which is 
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P13 expanded along the optical system. 

2 In order to effect a good optical scanning 

3 operation, it is necessary that spot configuration of 

4 the scanning light is stabilized in the main- and 

5 sub-scan directions as described hereinbefore. The 

6 spot configuration may desirably circular or close to 

7 a circular shape. In consideration of the fact that 

8 spot is formed by a beam waist, in order to realize 

9 the substantially circular spot configuration, it is 

10 necessary that converging tendencies of the beam 

11 condensing on the surface to be scanned 7, in the 

12 main-scanning and sub-scan directions, are 

13 substantially equal to each other, in other words, 

14 that exit pupils NA of the second lens group for the 

15 converging beam in the main- and sub-scan directions 

16 are substantially equal to each other. 

17 In Figure 9, since the cyl indrical lenses 3, 

18 6 have no power in the main scan direction, the 

19 imaging relationship between the semiconductor laser 1 

20 and the surface to be scanned 7 is as shown by the 

21 solid line. On the other hand, in the sub-scan 

22 direction, since the cylindrical lenses 3, 6 have 

23 powers, the imaging beam between the semiconductor 

24 laser 1 and the surface to be scanned 7 is as 

25 indicated by hatching when the NAs in the main- and 

26 sub-scan directions are equal as described above. It 

27 will be understood that in order to satisfy the 
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P14 condition that NAs in the main- and sub-scan direction 

2 are equal, the beam has to be restricted in the 

3 sub-scan direction as indicated by the hatching in 

4 Figure 9. However, doing so will reduce the usage of 

5 light. 

6 In order to increase the usage of light is 

7 increased by avoiding this problem, the focal length 

8 of the cylindrical lens 3 may be increased to an 

9 extent equivalent to the focal length of the second 

10 lens group. However, if this is done, the optical 

11 scanning apparatus is upsized. 

12 Figure 5 shows the optical scanning apparatus 

13 expanded along the optical path. In this Figure, the 

14 second lens group is indicated as a single lens 50. 

15 In this invention, the anamorphic property of 

16 the second lens group is realized by the special 

17 convex meniscus lens, and the special convex meniscus 

18 lens is disposed close to another imaging lens at the 

19 deflecting device side, and in addition, the special 

20 toric surface is closest to the deflecting device 4. 

21 Therefore, the focal length of the second lens group 

22 at the object side in the sub-scan direction can 

23 easily be made substantially equal to the focal length 

24 of the cylindrical lens 3. And, the light usages in 

25 the main- and sub-scan directions can be made 

26 substantially equal to each other while the exit pupil 

27 diameter NA of the second lens group is uniform over 
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P15 the main- and sub-scan directions as shown in the 

2 Figure. Thus, the usage of light is significantly 

3 improved over a prior art system without increasing 

4 the size of the optical scanning apparatus. 

5 The description will be made as to the 

6 condition, in Claim 2, that is: 

7 0.3< | R/f | < 1.0 

8 Here, R is a radius of curvature, on the 

9 optical axis, of a configuration of the special toric 

10 surface as seen in the sub-scan direction, and f is a 

11 focal length of the second lens group. 

12 The condition determines a practical range of 

13 the field curvature correction in the sub-scan 

14 direction. If the lower limit is exceeded, the 

15 correction of the field curvature is excessive with 

16 the result that field curvature increases in the 

17 positive direction. If the upper limit is exceeded, 

18 the correction of the field curvature is not 

19 sufficient. Accordingly, the range is practical. 

20 When the imaging lens of the second lens 

21 group at the surface adjacent the surface to be 

22 scanned is a single lens, the radius of curvature r3 

23 of the incident side lens surface on the optical axis 

24 and the radius of curvature r4 of the emergent side 

25 lens surface on the optical axis, desirably satisfy: 

26 1.0< | r4/f | < 2.0. 

27 This condition is concerned with the f 6 
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P16 property and field curvature, and if the lower limit 

2 is exceeded, the negative distortion remarkably 

3 decreases, and therefore, the f 6 property is not 

4 sufficient. If the upper limit is exceeded, the 

5 negative distortion remarkably increases, with the 

6 result that no sufficient f 0 property can be 

7 provided, and the image surface is curved toward the 

8 negative side to an impractical extent. Therefore, it 

9 is desirable to satisfy the condition from the 

10 practical standpoint. 

1 1 [Embod i ment] 

12 Two detailed examples will be described. 

13 In implementing the embodiments, the light 

14 source and the first lens group may be a combination 

15 of a known light source device emitting aforcal beam 

16 and a cylindrical lens having positive power, for 

17 example, a combination disclosed in Japanese Patent 

18 Application Publication Sho 52-2866. 

19 In the fol lowing embodiments, only the data 

20 of the second lens group which constitutes the 

21 characterizing portion. 

22 In each of the embodiments, as shown in 

23 Figure 1, the second lens group is constituted by the 

24 imaging lenses 51, 52. 

25 As shown in Figure 1, the radii of curvatures 

26 of the respective surfaces are rO, r1x, r1y, r2x, r2y, 

27 r3, r4 from the deflecting device 4 side, and the 
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PI 7 surface clearances are dO, d1- d4. Suffix "X" in the 

2 radii of curvatures indicates those in the main scan 

3 direction, and "Y" indicates those in the sub-scan 

4 direction. 

5 In each of the embodiments, j= 1 indicates 

6 field curvature correcting lens, j= 2 indicates 

7 imaging lens, and nj are refractive indices of the 

8 materials of the lenses. 
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21 


In this embodiment, the configuration of the special 



22 toric surface in the main scan direction, that is, the 

23 configuration of the special toric surface as seen in 

24 the sub-scan direction, is arcuate with a radius of 

25 curvature r1x=-90. 500, and the radius of curvature of 

26 the special toric surface on optical axis in the 

27 sub-scan direction is r1y= 28.370. 
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PI 8 The emergent side lens surface of the imaging 

2 lens 51 (the surface with asterisk) is an aspherical 

3 surface, which is expressed by a known aspherical 

4 surface formula, as follows: 

5 X= {(1/r) 2 Y 2 }/[1+ VI - 0+k)(1/r) 2 ] 

6 +AY 4 +BY 6 +CY 8 +DY'° 

7 Where the conical constant k, the high order 

8 non-spherical coefficients A, B, C, D are: 
9 

10 k=-2. 14921 -10" 1 

1 1 A=-1 . 50645 • 1 0' 8 , B=1 . 83680 ■ 1 0 " 

1 2 C=-6. 3601 0 • 1 0- 15 , D=5. 97836 • 1 0' 18 
13 

14 Figure 3 shows aberration diagrams of 

15 Embodiment 1. 
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PI 9 In this embodiment, the configuration of the 

2 special toric surface in the main scan direction, that 

3 is, the configuration of the special toric surface as 

4 seen in the sub-scan direction, is expressed by an 

5 aspherical surface formula, and the radius of 

6 curvature of the special toric surface in the sub-scan 

7 direction on the optical axis is r1y= 28.370. 

8 The lens surface of the special convex 

9 meniscus lens 51 at the emergent side (with the 

10 asterisk) is aspherical surface. 

11 K, A, B, C, D defining the non-spherical 

12 configuration are as follows: 

13 The configuration of the special toric 

14 surface in the main scan direction: 
15 

16 k=-8. 33806 -10" 1 

1 7 A=6. 27800 • 1 0' 9 , B=7. 1 1 586 ■ 1 0' n 
18 

19 Emergent side lens surface of the special 

20 convex meniscus lens 
21 

22 k=-2. 90892- 10" 1 

23 A=1. 57882 -10- 8 , B=6. 95998-10 " 

24 C=1. 51338-10 15 . D=5. 60359. 10' 8 
25 

26 Figure 4 shows aberration diagrams of 

27 Embodiment 2. 
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P20 (ADVANTAGEOUS EFFECT OF THE INVENTION) 

2 As described in the foregoing, a novel 

3 optical scanning apparatus can be provided. In the 

4 optical scanning apparatus, the second lens group has 

5 a field curvature correcting surface, and the field 

6 curvature correcting surface corrects the field 

7 curvature in the sub-scan direction, and therefore, 

8 the variation of the spot configuration on the surface 

9 to be scanned can be effectively reduced or prevented. 

10 Accordingly, it is usable for optical scanning with 

11 high resolving power such as 400- 800dpi. 

12 In addition, the field curvature correcting 

13 surface is disposed at a position closest to the 

14 deflecting device, the second lens group can be 

15 downsized, so that light usage can be remarkably 

16 improved without upsizing the apparatus. 

17 As regards a lens surface other than the 

18 special toric surface as with Embodiments 1 and 2, by 

19 employing an aspherical surface at an emergent side of 

20 the special convex meniscus lens, the imaging lens 52 

21 may be a single spherical lens so that alignment of 

22 the second lens group can be simplified. 

23 These and other objects, features and 

24 advantages of the present invention will become more 

25 apparent upon a consideration of the following 

26 description of the preferred embodiments of the 

27 present invention taken in conjunction with the 
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P21 accompanying drawings. 
2 

3 BRIEF DESCRIPTION OF THE DRAWINGS: 

4 Figure 1 illustrates a structure of a lens 

5 which includes the feature of the present invention; 

6 Figure 2 illustrates the characterizing feature; 

7 Figures 3 and 4 are aberration diagrams of the 

8 embodiments; Figure 5 illustrates advantageous effects 

9 of the present invention; Figure 6 through Figure 9 
10 illustrate prior-art and problems involved therein. 



11 L I = I i ne i mage ; 

12 3= cyl indr ical lens; 

13 52= imaging lens; 

14 51= special convex meniscus lens 
15 

16 Applicant: (223) Kabushiki Kaisha SANKYO SEIKI 



17 Seisakusho. 
18 
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